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The Big Springs Gold Mine is located in the 
Independence Mountains in northern Elko County. The mine is 
a sediment hosted disseminated gold deposit within 
Pennsylvanian to Mississippian age siltstones of the 
Schoonover formation. Gold mineralization is tightly 
structurally controlled. Ore structures are predominately 
east-west striking north dipping normal faults formed during 
Pre-Basin and Range extension. Alteration consists of 
dolomitization, sericitization, decalcification, and 
silicification. Gold is deposited syn or post genetically 
with decalcification and silicification. Gold occurs as 
free grains, up to seven microns in size, within the edges 
of arsenical pyrite as well as encapsulated in silica within 
the siltstone matrix. Arsenic, antimony, mercury, thallium, 
and cadmium are all associated with gold in the ore zones 
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The purpose of this project was to study the 
geochemical and mineralogical expression, and the structural 
control of gold mineralization in the North Sammy Creek 
orebody of the Big Springs sediment hosted disseminated gold 
deposit.
Eighty-six samples were taken across five different ore 
zones in three different host rocks. Each sample was 
analyzed for major and minor elements. The focus of this 
portion of the study is to delineate the elements associated 
with the gold mineralization and their relative mobility in 
the system.
Thin section petrography was used to determine gangue 
mineralogy and typical host rock mineralogic composition.
Ore microscopy and SEM techniques identified the opaque 
phases and permitted the development of a paragenetic 
sequence.
Mineralization exhibits a high degree of structural 
control; therefore, an attempt has been made to show the 
relationship between the ore controlling structures, and the 




The Big Springs Gold Mine is in the northernmost 
portion of the Independence Mountains about 65 miles north 
of Elko, Nevada and approximately 10 miles north of the 
Jerritt Canyon Mine. The mine occupies parts of Sections 1, 
2, 3, 10, 11, and 12 of Township 42N Range 53E of the 
Wildhorse 15' quadrangle. The entire thesis area is within 
the Humbolt National Forest at the head waters of the North 
Fork of the Humbolt River (Fig. 1).
Exploration History and Production
The area was first explored by Superior 
Oil/Falconbridge in 1975 using ridge and spur soil and rock 
chip sampling. An arsenic and gold anomaly was identified 
on Mac Ridge (Fig. 2) and a helicopter supported drilling 
program in 1976-77 confirmed significant mineralization.
Superior Oil dropped their claims in 1980. Bull Run 
Gold Mines relocated the claims, and completed their 
drilling program on Mac Ridge in 1981 (Fig. 2).
Concurrently, Freeport McMoRan Gold Company (FMGC) 
identified the exploration potential of the Sammy Creek area 
just to the west and northwest of Mac Ridge. A joint 
venture, between the two companies, was then negotiated. 
Between 1982 and 1985 three separate ore bodies were
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Figure 1. Big Springs Location Map
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:........— —” * i m m
discovered: Mac Ridge, North Sammy Creek, and South Sammy
Creek. Subsequent exploration revealed several satellite 
orebodies and mineralized areas (Figure 2). The decision to 
begin production was made in 1986 and mill construction 
began. By August of 1987, the first ore was delivered to 
the leach pads. Milling commenced in November 1988 with the 
startup of the CIL (carbon in leach) circuit, and in May 
1989 roasting of refractory ore began. Recently, Freeport 
McMoRan Gold was purchased by Minorco and is now called 
Independence Mining Company Inc. (Collard and Hart 1986). 
Production from the mine as of August 1991 was 2,563,600 
tons with an average grade of .135 oz/tn. Published 
remaining reserves are predicted to be 1,236,000 tons at an 
average grade of .117 oz/tn.
Topography, Climate, and Vegetation
The terrain is mountainous with topographic relief 
between Mac Ridge and the valley floor in excess of 3000 
feet. Outside the open pits, rock crops out in less than 
10% of the mine area. The climate is semi-arid with the 
average rainfall being about 20 inches per year. Excessive 
snowfall during the months of January and February force the 







Rocks of the Big Springs area include:
Cambrian/Ordovician Snow Canyon Formation, Ordovician Valmy 
Group, Mississippian to Permian Schoonover Formation, 
intrusive dikes, and Tertiary volcanic rocks.
Snow Canyon Formation
!
The 1200 feet thick Cambrian/Ordovician Snow Canyon l|
Formation is composed of western assemblage, interbedded 
cherts, argillites, and greenstones with minor layers of
r 0
limestone, bedded barite, quartzite, and shale (Hawkins, ill
1973) . Exposure within the thesis area is limited to lower 
Mac Ridge where the lowermost slice of the Schoonover Thrust
3places Schoonover Formation on the Snow Canyon Formation.
Valmy Group
The Ordovician Valmy Group, exposed in the area, is 
mainly western assemblage quartzite of the McAffee Formation 
but can also contain interbedded cherts, shales, and 
volcanics with minor amounts of limestone and barite 
(Roberts 1964). A high percentage of the glacial till in
wmm i
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the area is composed of quartzite boulders and cobbles from 
the McAfee Formation.
Schoonover Formation
The Schoonover Formation has been divided into 10 units 
and has an estimated thickness of 2000 feet (Fagan 1962) .
Due to the complexity of imbricate thrusting and folding, a 
complete estimate of the original thickness is impossible to 
make. Rock types within the Schoonover sequence are 
Mississippian to Permian age and include argillite, bedded 
chert, siltstone, limestone, volcaniclastic sediments, and 
intermediate to mafic submarine volcanic rocks. All units 
in the area have undergone lower greenschist metamorphism 
(Miller 1984) . Ore at the Big Springs Mine is hosted by 
units of the Schoonover formation.
Dikes
Dikes that crosscut the Schoonover and older rocks are 
rhyolitic to intermediate in composition. Some of rhyolitic 
dikes have numerous spherulites and flow banding suggesting 
shallow emplacement. Dikes are altered to quartz-sericite- 
pyrite alteration, and no reliable minerals could be found 




The Tertiary volcanic rocks are part of the Jarbidge 
volcanic sheets. Erosion has stripped most of the volcanics 
but the few remaining exposures in the southwest portion of 
the Big Springs area are densely welded rhyolitic tuff with 
phenocrysts of sanidine, quartz, and biotite.
Structure
The earliest major tectonic event recorded in the rocks 
at Big Springs is the Antler Orogeny, which placed western 
assemblage siliceous sedimentary rocks (Valmy Group and Snow 
Canyon Formation) over eastern assemblage carbonates along 
the Roberts Mountains Thrust fault (Coles, 1986). Although 
the eastern assemblage rocks are not exposed in the mine 
area, the relationship between eastern and western 
assemblage formations is observed in other locations in the 
Independence Mountains and is assumed to be the same at Big 
Springs. Following the Antler Orogeny, siliciclastic rocks 
accumulated in the Antler foredeep basin to form the 
Schoonover sequence (Miller et al, 1984). This accumulation 
continued from Mississippian to Permian when thrusting 
during the Sonoma Orogeny placed the Schoonover formation 
over the western assemblage rocks of the Snow Canyon 
formation. This eastward thrusting (southeastern in the 
project area) repeated the section many times along
n m m PMBgW— PI 1
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imbricate faults. Numerous dikes crosscut the Schoonover 
Sequence.
During the Cretaceous, an erosional surface began to 
develop upon which Tertiary volcanic rocks were deposited.
Recent erosion has removed most of the volcanic cover from 
the area so the exact relation between the dikes and 
volcanics is unknown. Pre-basin and range extension 
associated with the formation of the northeast trending 
Midas Trough complicates the geology by offsetting the units 
along northeast-striking normal faults. A second and later
Iset of north to northeastern normal faults related to Basin
I
and Range extension, (17 Ma), further complicate the 
geology. These two extensional events reactivate earlier




51Within the Independence Mountains there are two 
precious metal deposits/districts in addition to the Big 
Springs Mine; all are currently owned by the Independence 
Mining Company. These are the Jerritt Canyon District and 
the Wood Gulch Mine.
Jerritt Canyon is located 10 miles to the south of the 
Big Springs Mine. It contains the largest gold mines in the 
Independence Mountains. Mineralization is similar to that 
of the Big Springs Deposit in that it produces mainly gold
10
with a minor silver byproduct. The mineralization is hosted 
in carbonaceous limestones, carbonaceous calcareous 
siltstones, and cherts of the Silurian Roberts Mountains and 
Ordovician Hanson Creek Formations.
The Wood Gulch Mine, formerly owned and operated by 
Homestake, is approximately 8 miles north of Big Springs.
The mine has historically produced gold and silver with an 
elevated silver to gold ratio. Mineralization is hosted in 
Schoonover Formation siltstones with minor mineralization in 
the capping Tertiary volcanic ash flow sheets along 
structures.
Chapter 3
Geology of the Big Springs Deposit 
Introduction
This chapter describes the stratigraphy and structures 
within the thesis area. The section on stratigraphy will 
give a detailed description of the rock units and their 
stratigraphic relation to each other. The structure section 
will focus on the major tectonic events affecting the 
district, the structures they produced, and the chronology 
of the structures.
Stratigraphy
The rocks, in the thesis area, are part of the 
Schoonover Formation and have locally been subdivided into 
four units as follows: "MS", "A", "SMV", and "D" (Fig 3). 
Previous mapping by IMC geologists put "A", "SMV", and "D" 
within the Permian Overlap Assemblage. Recent conodont 
dates, especially the "Idioqnathus-Strepthoqhathodus 
Plexus", indicate that the age of these units are mid to 
late Pennsylvanian with the youngest possible age being 




Fig. 3 structure/Stratigraphic Column for Big Springs
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Undifferentiated Schoonover Formation (MS)
Structural complexity necessitates that unit "MS" be 
mapped as Undifferentiated Schoonover Formation (Fig 4). 
Schoonover rocks are stratigraphically oldest but, due to 
thrusting, are stratigraphically highest in the section. It 
consists of alternating, laminated, thinly bedded chert, 
siliceous argillite, carbonaceous siltstone, siltstone, 
limestone, conglomerate, submarine volcanic rocks and, 
volcaniclastic sediments. The lithologies exposed in the 
North Sammy Creek area are siliceous argillite, carbonaceous 
siltstone, submarine volcanic rocks, and volcaniclastic 
sediments. Weathered exposures of the siltstone and 
argillite are typically reddish-brown while the volcanic 
rocks typically weather white with some red oxide staining.
Sandy Siltstone (A)
Unit "A" is a well indurated, thinly bedded, sandy 
siltstone with some graded bedding and crossbedding (Fig 5). 
The environment of deposition ranges from shallow marine to 
slope turbidite (Fig 5). "A" is weakly to moderately
calcareous with crinoid and brachiopod fossils (Fig 5). It 
is typically gray to black on fresh surfaces depending on 





Fig. 4 Undifferentiated "MS" lithologies A) Submarine 
volcanic rock with a lens of celadonite 
B)Volcaniclastic rock C) Carbonaceous siltstone with 
volcanic clasts D) Andesite dike
Fig. 5 Unit "A" lithologies A) Silicified siltstone with 
abundant crinoids B) Thinly bedded, sandy, 
siltstone C) Clastic rich turbidite
the thickest of the units in the area with an estimated 
thickness in excess of 1000 feet.
The uppermost fossiliferous portion of "A" was 
previously divided into a separate unit, "B". Recent 
mapping indicates that "B" is a fossiliferous debris flow 
portion of "A" and not a separate unit. As the upper 
contact of "A" with "SMV" is approached, "A" becomes more 
carbonaceous and silicified. The contact between unit "A" 
and "SMV" is a sharp fault contact which is subparallel to 
the bedding attitudes within unit "A".
Submarine Volcanic (SMV)
"SMV" is an intermediate submarine volcanic rock (Fig 
6), formerly mapped as the Argillic Fault Unit, that ranges 
in thickness between 15 and 50 feet with the thickest 
portion of the unit to the south. "SMV" is aphanitic with 
less than 5 percent phenocrysts of quartz, and less than 1 
percent lithics of an intermediate porphyritic igneous rock. 
Geochemistry (appendix A) suggests that unit "SMV" was 
origionally a thoelittic andesite. Alteration has destroyed 
primary mineralogical textures, but in a few exposures 
relict flow banding can be observed. "SMV" makes an 
excellent marker unit. The upper portion of "SMV" contains 
fragments of carbonaceous siltstone of the overlying unit 
"D" which are incorporated in "SMV" during thrusting. The
15
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Unit "SMV" A)Quartz, sericite, pyrite, dolomite 
altered submarine volcanic B) Sheared carbonaceous 
"SMV" from near the contact with unit "D".
Fig. 6
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contact between these two units is structural with intense 
brecciation within the lower 10 feet of unit "D".
Bioturbated Siltstone (D)
Unit "D" is a thinly bedded, carbonaceous, bioturbated 
siltstone (Fig 7) which lies stratigraphically above "SMV". 
In fresh exposures this unit is gray to black depending on 
organic carbon content It weathers tan with blocky 
fractures. Thickness of this unit varies but is generally 
between 100 and 500 feet. Unit "D" is the dominant ore host 
at Big Springs.
The composition of unit "D" is quartz silt with a 
calcite/dolomite matrix. The rock averages 50 percent 
elastics, of which 98 percent are siltsized quartz and 2 
percent are sericite, pyrite, and carbon. The carbonate 
matrix is very fine-grained with the average crystal size 
being less than 0.1 milimeter.
Mapping previously done by the Independence Mining 
Company differentiated a unit "C". Unit "C", in this study, 
is considered an intensely sheared and carbonaceous portion 
of "D" rather than a separate lithologic unit (Fig 7). 
However, the alteration associated with the former unit "C" 
is distinctive and a good indicator of the proximity of 
"D"'s lower contact with "SMV".
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Fig. 7 Unit "D" A) Sheared bioturbated siltstone
B) Oxidized silicified siltstone C) Carbonaceous 
siltstone D) Carbonaceous silicified siltstone
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The upper contact of unit "D" with "MS" is a thrust 
fault with intense shearing and brecciation within the upper 
5-10 feet of unit "D" and throughout "MS".
Structure
Within the thesis area, three major tectonic events 
have caused faulting and folding. These from oldest to 
youngest are: 1) Schoonover Thrust Faulting and Folding,
2) Pre-Basin and Range Normal Faulting, and 3) Basin and 
Range Extensional Normal Faulting.
The Schoonover Thrust (produced by the Sonoma Orogeny) 
is the first major tectonic event documented by rocks in the 
area and is characterized by a series of imbricate thrust 
faults and folds. Within the North Sammy Creek pit the main 
imbricate thrust places "MS" over "D" (figs 3,8,9) along an 
irregular fault surface which strikes roughly N 45° E and 
dips 30° to 60° (averaging about 40°) to the northwest (Fig 
8) . This thrusting caused reverse movement within and along 
the upper and lower contacts of "SMV" along the "Argillic 
fault" zone (Fig 9) evidenced by rotated clasts of an 
intermediate composition porphyritic igneous unit. A second 
imbricate thrust (Breins fault) produced an overturned 
anticlinal fold striking approximately N 30° E and plunging 
20° to the northeast. The fold was generated by reverse
| Unil "D” -  Bwlurooted. Ihmnly bedded, sillstone *
I Unil "S W  - Ouort2. sericile. pyrile ollered,
-------- ondesiiic subomrme volcanic
□  Unit "A" - Sandy sillstone. locally lossililerous 
and/or carbonaceous
I Unil "MS" - UndiMerentioted Schoonover Formolion. 
composed ol sillslones, orgeliles. 
volcamdostics. and submorme volcamcs
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drag along the fault and causes a repetition of the section 
(Figs 8 and 9).
Cross section A-A' (fig 9) is drawn to show the 
structural relationship between the North and South Sammy 
Creek stratigraphy. The thrust fault which emplaced unit 
"MS" over parts of "A", "SMV", and "D" (fig 3) cuts out part 
of the North Sammy Creek section. Evidence for this 
includes: 1) thinning of Unit "D" from the southwest
portion of the pit to its absence in the northern portion of 
the pit; and 2) stratigraphy in drill hole SC-1143 (fig 8) 
changes from "MS" directly into unit "A", with "D" and "SMV" 
omitted.
The second major tectonic event produced east and 
north-east striking normal faults and occurred post 
Schoonover thrusting and pre-Basin and Range extension. 
Evidences for the timing of this event are drawn from 
crosscutting relationships of the structures within the 
area. Between Dorsey Creek and the 219 pit (Fig 2) one of 
these northeast faults has been intruded with a rhyolite 
dike (fig 8).
Basin and Range extension is the last major tectonic 
event affecting the area, beginning approximately (17 Ma). 
This event produced northeast-striking normal faults and 
reactivated preexisting structures. In the North Sammy 
Creek orebody the "Argillic Fault" shows two episodes of
movement. The initial movement being associated with 
Schoonover thrusting (evidenced by rotated clasts in the 
"SMV" unit), and later overprinting by Basin and Range 
normal movement which offsets thrusting (evidenced by 
slickensides and crosscutting relationships).
Discussion
The most obvious deformation in the area is imbricate 
thrusting and folding associated with the Schoonover 
thrusting of the Sonoma Orogeny. An important product of 
this deformation event is a repeated section of local 
stratigraphy in the area between North Sammy Creek and South 
Sammy Creek. Overprinted on this compressional deformation 
are two episodes of extensional faulting. The east-west 
normal faults associated with pre-Basin and Range extension 
host the majority of mineralization at Big Springs. More 
recent Basin and Range normal faults cut the earlier 
mineralized structures offsetting ore shoots and therefore 
are post mineral.
Imbricate thrusting is also present in the Jerritt 
Canyon District where their stratigraphic column can locally 
be repeated up to three times (Lander 1992). If the thrust 
deformation is caused by the same event at Big Springs and 
Jerritt Canyon then the approximately fifty square miles 
between the two mineralized areas offers an attractive
23
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target for gold exploration and should be examined for





The North Sammy Creek deposit hosts the most 
significant mineralization to date in the Big Springs area, 
and offers the best exposure for a comparative study of the 
mineralization and alteration.
Alteration
Rock alteration can be divided into pre-ore and 
syn/post ore stages. Pre-ore alteration includes regional 
greenschist grade metamorphism and carbon enrichment. 
Syn/post ore is hydrothermal and consists of: 1) 
dolomitization and sericitization, 2) decarbonatization and 
silicification, and 3) quartz/carbonate veining. Subsequent 
supergene oxidation obscures some of the primary hypogene 
alteration. Because of their differences in 
lithology/mineralogy, each stratigraphic unit ("MS", "A", 
SMV", and "D") responded somewhat differently to the 
hydrothermal alteration.
All pre-Tertiary rocks have been regionally 
metamorphosed to lower greenschist facies. Chlorite is the 
main mineral developed during this alteration. This
25
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alteration predates extensional deformation and may be 
related to the Sonoma Orogeny.
Units "MS", "A", and "D" have areas of intense carbon 
enrichment. Carbon enrichment predates or is 
contemporaneous with the Schoonover thrusting. Carbon 
enriched siltstones occur along edges of the sheared 
volcanics of "SMV" in the Argillic Fault. During the 
thrusting episode, pieces of carbon-enriched unit "D" are 
incorporated within unit "SMV".
Distribution of mineralization related hypogene 
hydrothermal alteration is influenced by both structure and 
stratigraphy. Hypogene alteration stages include: 1) 
dolomitization and sericitization, 2) decarbonatization and 
silicification, and 3) quartz/carbonate veining. Subsequent 
supergene oxidation obscures some of the primary alteration.
The earliest hypogene alteration converted indigenous 
calcite to dolomite. The most significant effect of this 
alteration was to effectively increase the permeability of 
the rock. Sericitization accompanies dolomitization, 
converting the original detrital muscovite to sericite. 
Petrographic studies suggest that during dolomitization 
small amounts of barium were released and mixed with the 
mineralizing fluids to form barite (Honea 1992).
The second hypogene phase of alteration, 
decarbonitization, is accompanied by silicification, sulfide
27
mineralization, and gold deposition. The four major 
lithologic units in the area were all affected differently 
by this stage of alteration due to compositional and 
permeability differences.
The final stage of hypogene alteration is quartz and 
carbonate veining. These quartz/carbonate veins cut gold 
and sulfide mineralization.
Intense supergene alteration, primarily in the form of 
oxidation of pyrite to goethite, obscures hypogene 
alteration in the upper portions of the pit and vertically 
along structures.
Unit Alteration
Within "MS" the first phase of alteration is only 
evidenced by sericitization. No dolomitization occurred due 
to the lack of original carbonate content. The second 
alteration phase, decarbonitization/silicification, is 
evidenced by localized silicification and mineralization 
along structures. Late stage quartz/carbonate veins cut 
previous silicification along sharp contacts and average 
less than one centimeter across.
Unit "D" is the predominant ore host at Big Springs.
It shows pervasive dolomitization and sericitization. 
Decarbonitization in unit "D" is evidenced by shrinkage 
cracks due to carbonate removal (Fig 10) especially along
Fig. 10 Decarbonatization in unit "D" 1) Moderate carbonate 
removal indicated by shrinkage cracks 2) Intense 
decarbonatization indicated by brecciation.
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the ore hosting structures. Silicification associated with 
decarbonitization is variable in "D" and ranges from limited 
areas of complete pervasive silicification, (which is 
destructive of original sedimentary textures) (fig 11), to 
moderate silica flooding (which preserves original 
sedimentary textures). Carbonate removal and silicification 
are not always spatially correlative and locally there may 
be significant carbonate removal without intense 
silicification. Late guartz/dolomite veins cut all previous 
alteration types in unit "D".
"SMV" has undergone guartz-sericite-pyrite-dolomite 
alteration. Feldspars, (primarily plagioclase), within this 
submarine volcanic suite of rocks are altered to sericite 
and dolomite. Silicification is intense where high-angle 
ore structures cut the unit. "SMV" is also cut by later 
guartz/carbonate veins.
Unit "A" is decarbonitized and silicified. This unit 
is completely depleted of carbonate and is silicified, 
especially along the footwall of unit "SMV" which served as 
an impermeable barrier to the mineralizing fluids and 
resulted in the concentration of the most intense 
silicification at the contact of the two units. This 
silicification, at the contact between "SMV" and "A", has 
previously been mapped by IMC geologists as a jasperoid. 
Although the original rock was not a limestone, the term
30
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"jasperoid" does reflect the intensity of silicification. 
Highly folded bedding is well preserved in this intensely 
silicified rock. Between North Sammy Creek and South Sammy 
Creek unit "A" has had significant amounts of carbonate 
removed without silicification.
Structures
The North Sammy Creek ore is hosted primarily in unit 
"D" with minor mineralization hosted in "MS" in the north 
pit and "SMV" along favorable crosscutting structures. Ore 
distribution is controlled by east-west-striking, north 
dipping (50-70 degrees) structures, which are discordant to 
the host stratigraphy. Crosscutting relationships show ore 
hosting structures to have formed during the extension 
associated with pre-Basin and Range tectonics.
Tight structural control results in gold 
mineralization, using a cut-off of 0.02 oz\tn, extending an 
average of 10-20 feet into the hanging wall and/or the 
footwall of the structures. Brecciation is common in a zone 
two to five feet wide within the structure with moderate 
fracturing continuing out into the hanging wall and/or 
footwall. Orebodies, as a result of this structural 
control, are narrow tabular mineralized zones traceable 
along strike and dip for several hundred feet. Wallrock
32
alteration may be influenced by fracturing and is described 
in the geochemistry section.
Ore Mineralogy
The primary opaque minerals, in order of abundance, are 
pyrite, marcasite, arsenopyrite, arsenical pyrite, 
sphalerite, chalcopyrite, stibnite, and gold. The proposed 
paragenetic sequence for mineralization within North Sammy 
Creek is shown by Fig 12.
Pyrite;
Three different types of pyrite have been defined.
Type 1 consists of framboidal aggregates with an average 
diameter of 25 microns composed of 1-5 micron individual 
pyrite grains (Fig 13). This pyrite is considered primary 
and sedimentary in genesis.
Type 2 pyrite consists of euhedral cubic and 
pyritohedral crystals which are typically zoned (Fig 14). 
Inner zones are probably diagenetic and formed around rutile 
and quartz grains as assertained by SEM studies. Quartz and 
rutile grains are identified as part of the original 
sedimentary suite due to their similar size and shape to 
other grains in the host matrix. Outer zones of type 2 
pyrite are hypogene and may contain up to 8 percent arsenic.
33
Diagenetic Hypogene Supergene









Fig. 12. Paragenetic Sequence for the North Sammy Creek Pit
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Fig. 13. Reflected light photoxnicrograpy of Type 1 pyrite, 
framboidal pyrite in unit "D" from the 7500' 
level of the 303 ore zone, North Sammy Creek Pit.
Fig. 14. Reflected light photomicrograph of Type 2 pyrite, 
euhedral pyrite in unit "SMV" from the 7500' level 
of the North Sammy Creek Pit.
Type 2 pyrite grains typically average around 50 microns 
with some locally larger grains.
35
Type 3 pyrite is subhedral to anhedral and is about the 
same size as Type 2 pyrite. It may contain numerous 
inclusions of quartz and rutile from the original 
sedimentary suite as well as sphalerite (Fig 15). Types 1 
and 3 pyrite, as well as the outter rims of type 2 pyrite, 
can contain inclusions of marcasite, arsenopyrite, 
sphalerite, gold, chalcopyrite, and quartz. Hypogene pyrite 
occurs as disseminations within the host rock matrix, and in 
veins. All three types of pyrite may be partially or 
completely replaced primarily by marcasite, arsenopyrite 
and/or arsenical pyrite and secondarily by goethite. Pyrite 
is also seen replacing organic matter such as crinoid 
fossils (Fig 16).
Marcasite: (Me)
Marcasite occurs as both large tabular crystals in 
veins (Figs 17 and 18) and as small euhedral disseminations 
within the host matrix. It is often associated with pyrite 
and may replace or be replaced by the pyrite.
Arsenopyrite: (Asp)
Arsenopyrite occurs throughout the deposit and accounts 
for the anomalous arsenic values which often correlate with
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Fig. 15. Reflected light photomicrograph of Type 3 pyrite,
hypogene, subhedral pyrite in unit "SMV" from drill 
hole SC-56 65-70' in the North Sammy Creek Pit.
Fig. 16. Reflected light photomicrograph of pyrite replacing 
crinoids from unit "A" North Sammy Creek Pit.
Fig. I8 Reflected light photomicrograph, crossed nicols, of marcasite from drill hole SC-56 65-70'.
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gold values in the soil samples. Arsenopyrite usually 
occurs as euhedral diamond-shaped crystals (Fig 19) within 
the host matrix. Grains average about 20 microns and have 
strong anisotropy. In some samples it is difficult to 
distinguish between arsenopyrite and marcasite, especially 
when they occur within pyrite grains.
Stibnite:
Stibnite is rare. Where identified, it occurs in veins 
that crosscut the pyrite/arsenical pyrite depositional 
stage. Stibnite, therefore, is placed late in the 
paragenetic sequence and is not associated with the gold 
deposition.
Arsenical Pyrite:
Arsenical pyrite has been identified by both SEM and by 
reflected light petrography. Arsenical pyrite is hard to 
distinguish from pyrite in plain polarized light but has 
anomalous anisotropy under crossed nicols. Arsenical pyrite 
occurs in all mineralized samples as distinct grains or more 
commonly rims around the euhedral diagenetic pyrite. 
Arsenical pyrite is closely associated with gold 
mineralization. Arsenical pyrite containing between 1 and 
8 percent arsenic is identified by SEM analysis on sample 






Sphalerite occurs in all host rocks but is most 
abundant in the samples that have undergone sericitic 
alteration, particularly within "SMV". It is typically low 
iron sphalerite which may or may not contain inclusions of 
chalcopyrite (Fig 22). High iron sphalerite was noted in 
one sample from an intermediate dike in SC-262 0 153 feet 
(Fig 23) .
Chalcopyrite:
Chalcopyrite, like sphalerite, seems to be more 
abundant in the "SMV" unit. Chalcopyrite can occur as 
replacements or exsolutions (Fig 22) within sphalerite or as 
free grains within the host matrix.
Gold:
Gold occurs in altered rocks as grains usually less 
than 4 microns in size. It usually occurs as inclusions in 
or bordering arsenical pyrite and pyrite, and as inclusions 
in goethite after arsenical pyrite and pyrite, (Fig 24) but 
can occur as free gold contained in silica as part of the 
pervasive silicification (Fig 25). Gold is more closely
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Fig. 22. Reflected light photomicrograph of low iron 
sphalerite with inclusions of chalcopyrite 
surrounded by arsenopyrite from drill hole 
SC-56 65-70'.
Fig. 23. Reflected light photomicrograph of chalcopyrite 
replacing pyrite and being replaced by high iron 





Fig. 24. Reflected light photomicrograph of gold in the 
outter edge of geothite after zoned pyrite from 
drill hole SC-264 67' in North Sammy Creek.
Fig. 25. Reflected light photomicrograph of silica
encapsulated gold from drill hole SC-56 65-70' 









associated to the arsenic bearing sulfide mineralization 
than to the quartz and calcite veining. Due to the 
ultra-fine grained nature of the gold in this deposit, very 
few grains can be identified by standard petrography 
techniques but the grains that are found, occur in a similar 
nature to those described at the Carlin Mine (Bakken 1990).
Goethite;
Goethite replaces pyrite (Fig 24), marcasite, arsenical 
pyrite and arsenopyrite due to oxidation by ground water in 
the host rock and especially along fractures. The goethite 
contains numerous inclusions of gold and accounts for oxide 
ore within the project area.
Tetrahedrite:
Tetrahedrite has been identified only by SEM 
techniques. It is only present in minor amounts and is the 
antimony rich end member (fig 26).
Rutile and Zircon:
Rutile and zircon were seen in most of the polished 
sections. They are considered part of the original 
sedimentary depositional suite.
T’ — r  eb-1992 09:44:02 ~
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Fig. 26. SEM Plot of Tetrahedrite
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Discussion
Hypogene alteration and mineralization postdates lower 
greenschist metamorphism and carbon mobilization as 
indicated by crosscutting relationships. The hypogene 
alteration includes three stages: 1) Sericitization and 
Dolomitization, 2) Silicification and Decarbonatization, and 
3) Quartz/carbonate veining. Dolomitization and 
decarbonatization are very important mechanisms of ground 
preparation. These two types of alteration increase the 
permeability of the host rocks. The sulfide and gold 
mineralization are associated with decarbonatization and 
silicification (indicated by gold hosted in arsenical 
pyrite, and gold encapsulated in silica in the host rock 
matrix). Later, quartz/carbonate veins cut the pervasive 
silicification and may contain minor pyrite and rare 









Eighty-six, five-foot-long channel samples were 
collected across five ore zones in the North Sammy Creek 
orebody (Fig 27). All samples were analyzed for major and 
minor element composition (appendix A). The ore zones in 
the main host rock (unit "D") are 303, 303 Carbonaceous, and 
Southwest Extension. The fourth suite of samples is from an 
ore zone hosted by the "SMV" unit. The final ore zone 
sampled is in unit "MS". Each sample represents a five foot 
interval of the ore zone and is a channel sample across the 
muck face.
Methods of Analysis
Minor element analysis for the 303 and the Southwest 
Extension ore zones was contracted through Geochemical 
Services Inc. (G.S.I). The minor element analysis for the 
303 Carbonaceous, "SMV", and the "MS" was contracted through 
Chemex Labs Inc. All of the minor element analysis could 
not be done in the same lab due to the closing of G.S.I.
Both labs used similar techniques in their analysis. ICP 
was used for all of the elements except for gold, which was 
done by graphite furnace AA with a gravimetric finish.
All of the major element geochemistry for each ore zone
Fig. 27. Sample location map for geochemical samples in
the North Sammy Creek Pit. Contour interval=15'
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was contracted through Chemex Labs Inc. Major element 
percentages were obtained by fusing the samples with lithium 
metaborate, complete acid digestion, and analysis by ICP- 
AES.
Ore Zone Chemistry
The tight structural control in the ore zones at Big 
Springs offers a good opportunity to study the spatial 
relationships between minor elements within an ore zone as 
well as the relationship between wallrock alteration and 
mineralization.
Major element variations across the ore zones reflect 
the alteration of the host rock. The major alterations 
noted from the geochemistry is decarbonatization and 
silicification as reflected by changes in the major element 
oxides (CaO, MgO, Si02, Ti02, and A1203). The hanging wall 
or footwall of the ore zones is preferentially altered 
depending on fracture control. The pattern of increased or 
decreased silica is opposite to the pattern of increased or 
decreased CaO, MgO (Figs 28 and 29). Loss on ignition (LOI) 
of major elements in the analytical process reflects initial 
concentrations of CaO and MgO in the sample; decarbonated 
samples have lower LOI (Figs 28 and 29). Within the 303 and 
Southwest Extension ore zones this relationship is 
particularly well demonstrated (Figs 28 and 29). In the 303
Fig. 28. Major element geochemistry graphs for the 303 
Ore Zone. Y axis represents major element 
percentages. X axis represents sample intervals. 
HW is the hanging wall of the structure. FW is 
the footwall of the structure. Parallel lines 
represent the ore zone location.
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Fig. 29. Major element geochemistry graphs for the Southwest 
Extension Ore Zone. Y axis represents major 
element percentages. X axis represents sample 
intervals. HW is the hanging wall of the 
structure. FW is the footwall of the structure. 
Parallel lines represent the ore zone location.
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ore zone, the hanging wall is decarbonated and silicified 
and in the Southwest Extension ore zone the footwall is the 
side that is altered.
Ore petrography shows that the only titanium phase is 
rutile as a part of the original sedimentary suite. Because 
titanium, as well as A1203, are not considered mobile in the 
system they can be used as a qualitative indicator of volume 
loss (Fig 28 and 29). Decarbonatization produces a volume 
change reflected by the apparent increase of Ti02 and A1203 
as CaO, MgO, and LOI are decreased. The 303 and the 
Southwest Extension ore zones (Figs 28 and 29) demonstrate 
this spatial correlation of whole rock alteration. In the 
303 ore zone, the volume loss is into the structure's 
hanging wall and, in the Southwest Extension, the volume 
loss is into the structure's footwall.
Minor elements introduced into the ore zones are Au,
As, Sb, Tl, Cd, Hg, Ag, Mo, Se, Zn, and Pb. Figure 30 
shows that for the Southwest Extension ore zone the highest 
base metal trace element content corresponds to the ore 
zone's increased Si02 content in the footwall, and to 
decreased CaO in the footwall. This major element oxide 
(Si02 and CaO) distribution confirms that decarbonatization 
(loss of CaC03) favors mineralization and probably was an 





























Fig. 30. Base metal graphs and their spatial relation to 
major element alteration for the Southwest 
Extension Ore Zone. Y axis represents major 
element percentages. X axis represents sample 
intervals. HW is the hanging wall of the 
structure. FW is the footwall of the structure. 
Parallel lines represent the ore zone location.
introduction was contemporaneous with base and precious 
metal mineralization.
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The 303 and Southwest ore zones are typical of the 
majority of the mineralized zones within North Sammy Creek 
and provide good demonstrations of how gold, arsenic, 
antimony, mercury, thallium, and cadmium are spatially 
related across the two ore zones (Figs 31 and 32). The ore 
zone graphs (Figs 31 and 32) made from the trace element 
geochemical data (appendix B) show an excellent spatial 
relationship between gold versus cadmium and a good relation 
between gold versus both thallium and arsenic. Where gold 
is highest, arsenic, antimony, mercury and thallium are all 
enhanced, although the highest concentrations of these 
elements may not be in the same location as the highest 
concentrations of gold (Fig 31). As seen in the graphs, 
arsenic, antimony, and mercury are relatively high where 
gold is high but may not be spatially consistent as to 
location of highest concentration. Of all the elements 
analyzed, cadmium and thallium show the best spatial 
correlation with gold, although in the Southwest Extension 
ore zone the Hg/Au correlation is also excellent (Figs 31 
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Fig. 31. Minor element geochemistry graphs for the 303 Ore 
Zone. Y axis represents major element percentages 
X axis represents sample intervals. HW is the 
hanging wall of the structure. FW is the footwall 
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Fig. 32. Minor element geochemistry graphs for the Southwest 
Extension Ore Zone. Y axis represents major 
element percentages. X axis represents sample 
intervals. HW is the hanging wall of the 
structure. FW is the footwall of the structure. 
Parallel lines represent the ore zone location.
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Statistical Analysis
To help understand spatial and elemental correlations 
demonstrated by the ore zone graphs, Pearson correlation 
coefficients were calculated for all of the elements in the 
303, Southwest Extension, SMV, and MS ore zones (Fig 33).
The matrices for individual ore zones show a good 
correlation between gold, cadmium, and thallium. When the 
ore zone data is compiled into one database for the entire 
deposit good correlation disappears. In other words, 
correlations within single ore zones do not extend to the 
deposit as a whole (Figs 33). A possible explanation for 
this discrepancy is differing styles of gold deposition. 
Observations from ore microscopy show gold encapsulated by 
silica, free of sulfides, in some ore zones while in others 
gold is associated more with sulfides and is found in and on 
the edges of arsenical pyrite grains. Plots of the 
geochemistry (Fig 34) show that one population appears to be 
essentially independent of arsenic values and the other is 
more closely associated with arsenic.
Factor analysis (correspondence analysis) suggests 
relations between the elements or groups of elements for the 
deposit as a whole. A single factor plot demonstrates the 
interrelationships between the elements used in the previous 
correlation coefficient analysis (Fig 35). The analysis 
shows a grouping of copper, molybdenum, and zinc with silver
Combined Data n**61
Ag As Au Cd Cu Hg Mo Sb Se Tl Zn
Ag 1.000
As 0.421 1.000
Au 0.483 0265 1.000
Cd a  102 0608 0212 1.000
O i 0.505 0386 0111 0640 1.000
Hg 0.223 0266 0466 0350 -0071 1.000
Mo 0250 -01310 0206 -0463 0.053 0252 LOOO
Sb 0323 0200 0680 0350 0013 0771 0260 LOOO
Se 0472 0043 0306 -0215 0107 0205 0411 0115 1.000
Tl 0242 0775 0380 0.808 0140 0497 -0332 0433 -0078 1.000
Zn 0435 0242 0340 0424 0473 0259 0102 0353 0114 0369 LOOO
03 Ore Zone n«22
Ag As Au Cd Cu Hg Mo Sb Se Tl Zn
Ag 1.000
A* 0554 1.000
Au 0809 0299 1.000
Cd 0821 0268 0958 1.000
Cu 0.464 0636 0228 0182 1.000
Hg 0300 0419 0297 0352 -0101 1.000
Mo 0397 0146 0238 0317 0132 0242 LOOO
Sb 0320 0225 0325 0442 -0253 0893 0377 LOOO
Se 0049 0216 0075 -0052 0454 0146 -0.045 -0040 LOOO
T l 0482 0421 0485 0561 0037 0764 0229 0.694 0.003 LOOO
Zn 0625 0656 0351 0392 0854 0194 0406 0161 0345 0278 LOOO
outhwest Extension Ore Zone n= 22
Ag As Au Cd Cu Hg Mo Sb Se T l Zn
Ag 1.000
As 0434 1.000
Au 0516 0779 1.000
Cd 0667 0711 0881 L000
Cu 0833 0570 0578 0681 1.000
Hg 0587 0823 0976 0919 0611 1.000
Mo 0635 0669 0770 0846 0568 0812 LOOO
Sb 0570 0696 0874 0771 0532 0903 0704 LOOO
Se 0410 0457 0569 0683 0352 0596 0566 0380 LOOO
Tl 0580 0762 0924 0911 0640 0939 0725 0805 0580 LOOO
Zn 0834 0641 0643 0845 0910 0714 0665 0584 0513 0752 LOOO
MV Ore Zone n«9
Ag As Au Cd Cu Hg Mo Sb Se Tl Zn
Ag L000
As 0740 L000
Au 0337 0398 1.000
Cd 0011 0148 0718 1.000
Cu 0791 0725 -0186 -0345 L000
Hg 0423 -0010 0300 0421 0010 L000
Mo 0306 -0278 -0478 -0520 0268 0469 LOOO
Sb 0135 -0012 0791 0789 -0453 0681 -0132 LOOO
Se 0905 0471 0113 -0033 0732 0597 0537 0137 LOOO
n 0434 0504 0891 0708 0030 0301 -0507 0681 0300 1.000
Zn 0201 -0414 0093 0008 -0199 0666 0724 0443 0359 -0065 1.000
S Ore Zone n*=8
Ag As Au Cd Cu Hg Mo Sb Se Tl Zn
Ag 1.000
As -0041 1.000
Au -0273 0837 1.000
Cd 0153 0540 0641 1.000
Cu -0069 0114 -0118 -0481 1.000
Hg -0027 0448 0567 0913 -0658 LOOO
Mo -0450 0739 0457 -0090 0641 -0155 1.000
Sb 0167 0393 0575 0965 -0605 0896 -0295 LOOO
Se 0511 -0399 -0.398 -0467 0539 -0520 0148 -0578 LOOO
n -0227 0908 0955 0730 -0063 0585 0470 0648 -0477 LOOO
Zn 0133 0391 0438 0126 0.048 0219 0491 -0025 0394 0302 LOOO
Fig. 33. Pearson correlation coefficients for individual 










Combined Data for Values > 1 ppm Au
Graph of Au vs. As
As Values in ppm
Fig. 34. Graph of gold versus arsenic values for 
concentrations greater than 1 ppm Au.
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Fig. 35. Factor analysis showing linear relationships 
between selected elements.
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and selenium separated from the grouping of gold, thallium, 
cadmium, and arsenic. Antimony and mercury plot between the 
two clusters of elements with mercury plotting closer to the 
gold group and antimony plotting closer to the basemetal 
group. The groupings indicate that gold correlated with 
thallium, cadmium, and arsenic while the basemetals 
correlate with silver and selenium.
Discussion
The major element geochemistry indicates that ore zone 
decarbonatization and silicification is controlled by 
fracture density, with this alteration extending 
preferentially into either the hanging wall or the footwall.
Basemetal contents increase with decreasing 
decarbonatization and silicification indicating that the 
alteration produces good ground preparation for 
mineralization. Part of the increase in base metals could 
be an apparent increase due to volume loss within the host. 
The basemetals are not spatially related to gold with the 
exception of molybdenum in the Southwest Extension ore zone.
Spatial relationships show that gold, cadmium, and 
thallium are restricted to the ore zones while arsenic is 
more broadly dispersed by the system. Highest arsenic 
values occur where wallrock alteration served as ground 
preparation.
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Correlation coefficients further clarify the findings 
of the spatial analysis. The correlation coefficients show 
good correlation between gold, thallium, and cadmium within 
individual ore zones and poor correlation for the deposit as 
a whole. Plots of gold versus individual elements 
demonstrate two gold populations (Fig 34): silica- 
encapsulated gold and gold in arsenical pyrite.
The correspondence analysis determines the elements 
interrelationship with each other. This plot shows gold and 
thallium having a close relationship on a deposit-wide scale
i >i
with cadmium and arsenic having the next best correlation. ;
Arsenic is the best pathfinder element for regional 
exploration because of its broad dispersion. Because 
cadmium and thallium are more restricted to the ore zones 
they might add information as to proximity to gold hosting 
structures, although their dispersion is approximately the 
same as in gold. Observations at Big Springs are similar to 
conclusions drawn by McCarthy et al. (1989), at the Betze
Gold Deposit, who demonstrated that cadmium has the best 
correlation with gold of any element analyzed.
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Chapter 6
Conclusions and Recommendations 
Conclusions
The Big Springs Gold Mine exhibits the main 
characteristics of all sediment hosted disseminated gold 
deposits. The deposit was formed due to a combination of 
favorable host lithologies, structural and chemical ground 
preparation, and a localized heat source.
Favorable host lithologies of Pennsylvanian age are 
thrust into the area during the Sonoma Orogeny. Later 
extensional faulting related to the pre-Basin and Range 
extension open structures along which mineralizing fluids 
travel. Later Basin and Range faults offset the ore zones.
When the hydrothermal fluids reach unit "D" the initial 
alteration is widespread dolomitization followed closely by 
decarbonatizaton and silicification which is tightly 
controlled by the structures. Decarbonatization is an 
important part of the mineralizing process in that it 
increases the porosity of the host thus allowing fluids to 
permeate into the hanging wall or the footwall of the host 
structures. The degree of permeation also reflects hanging 
wall or footwall fracture intensity.
The main gold stage mineralization is associated with 
the silicification which is concurrent with and immediately 
following decalcification. Gold mineralization is
ill1
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accompanied by the deposition of pyrite, marcasite, 
arsenopyrite, and arsenical pyrite. The main site of gold 
deposition is along the edges of arsenical pyrite and as 
free grains encapsulated in silica within the matrix of the 
siltstone. The last stage of the system is the introduction 
of guartz/carbonate veins containing minor pyrite and 
stibnite. Supergene alteration has oxidized the sulfides in 
the upper portions of the deposit and deep along structures.
Recommendations
The geochemistry within ore zones showing two 
populations of gold mineralization should be examined with 
more detail. This inspection might prove that gold 
mineralization occurred in multiple pulses accounting for 
the bad correlation coefficients for the deposit as a whole.
Within the pits at Big Springs, local structure and 
stratigraphy are well understood but it is difficult to 
extrapolate this into any regional picture that will assist 
exploration. More time should be devoted to regional 
mapping to figure out the geology outside the pits. A 
clearer picture of stratigraphic and structural information 
might also be obtained if future drilling utilized a higher 
percentage of core drilling. For example, knowing the 
attitude of bedding within individual holes would help 
identify buried structures. Deep core drilling should be
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done to help tie down the stratigraphy in the area and to 
see if any favorable host lithologies exist below the known 
stratigraphy. This information might be valuable not only 
for surface exploration but also for additional targets if 
the decision is made to proceed with underground mining.
A regional structural geology study of the areas 
between Jerritt Canyon, Big Springs, and Wood Gulch needs to 
be done. The regional trend of imbricate thrusting along 
with repeated sections at Jerritt Canyon and Big Springs 
allows for the possibility for favorable host lithologies 
occurring repeatedly between the two mines.
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Geochemical Data for Spatial Relationships and for
Statistical Analysis
Appendix A
A1203 BaO CaO Fe203 K20 MgO MnO Na20 P205 Si02 Ti02 LIO Total
1 8.61 0.25 5.36 3.13 2.49 3.64 0.03 0.10 0.14 65.49 0.59 10.64 100.47
2 9.42 0.23 3.67 3.41 2.70 2.73 0.03 0.09 0.16 69.50 0.66 8.13 100.73
3 8.40 0.34 3.22 3.42 2.45 2.30 0.03 0.08 0.15 72.56 0.56 6.98 100.49
4 9.81 0.30 2.13 3.77 2.90 1.83 0.02 0.08 0.15 72.00 0.63 6.09 99.71
5 8.64 0.13 3.48 3.44 2.49 2.64 0.03 0.09 0.16 70.74 0.58 7.87 100.29
6 8.66 0.07 3.08 3.53 2.48 2.21 0.03 0.08 0.18 72.93 0.57 6.97 100.79
7 7.87 0.06 2.41 3.43 2.28 1.66 0.04 0.06 0.18 76.84 0.55 5.58 100.96
8 7.08 0.04 3.32 3.35 2.08 2.19 0.05 0.06 0.18 73.75 0.50 6.76 99.36
9 7.31 0.04 1.59 3.35 2.15 1.34 0.04 0.05 0.20 78.00 0.51 4.46 99.04
10 6.84 0.04 2.62 3.67 2.07 1.51 0.04 0.06 0.26 76.21 0.48 5.36 99.16
11 7.85 0.05 2.10 2.97 2.30 1.45 0.03 0.08 0.23 76.50 0.57 5.05 99.18
12 6.52 0.04 2.10 2.96 1.99 1.48 0.03 0.09 0.23 77.57 0.47 4.91 98.39
13 8.19 0.03 2.63 3.35 2.50 1.95 0.02 0.07 0.23 72.69 0.59 6.20 98.45
14 7.14 0.04 4.61 3.45 2.23 3.17 0.02 0.09 0.21 69.19 0.52 9.09 99.76
15 5.89 0.22 7.58 3.06 1.91 4.90 0.04 0.09 0.22 61.31 0.42 12.96 98.6016 6.54 0.17 5.76 3.16 2.09 4.00 0.03 0.05 0.19 65.89 0.47 10.94 99.29
17 5.82 0.51 5.34 3.27 1.79 3.03 0.04 0.05 0.17 69.72 0.41 9.34 99.49
18 5.44 2.65 6.57 2.54 1.63 3.76 0.04 0.06 0.18 62.98 0.40 12.42 98.67
19 5.88 3.57 6.16 2.58 1.64 3.46 0.04 0.06 0.18 63.60 0.42 12.22 99.81
20 5.66 2.82 6.92 2.53 1.54 4.01 0.04 0.09 0.18 64.11 0.40 12.90 101.20
21 5.93 1.60 6.66 2.54 1.60 3.87 0.04 0.06 0.19 66.07 0.43 11.92 100.9122 6.07 2.02 6.26 2.64 1.79 3.66 0.04 0.08 0.18 66.90 0.46 11.67 101.77
Major element geochemical data for the 303 Ore Zone.
Ag As AU Cu Hg Mo Pb Sb n Zn Cd Ga Se1 0.73 732.00 0.18 32.20 0.31 5.89 11.30 10.70 0.49 111.00 0.18 1.21 3.142 0.33 839.00 0.14 32.70 0.38 3.37 10.50 10.20 0.63 106.00 0.09 1.43 0.933 0.33 1138.00 0.35 26.80 0.56 5.30 8.72 11.10 0.52 88.90 0.10 1.29 1.254 0.64 1272.00 0.26 37.00 0.64 2.99 12.30 13.90 0.58 111.00 0.11 1.28 1.575 0.46 867.00 0.26 30.10 0.87 4.19 9.06 15.70 1.00 99.80 0.11 1.15 2.596 0.50 716.00 1.40 38.30 0.90 6.55 9.99 15.90 0.79 128.00 0.22 1.09 6.137 0.51 882.00 0.70 33.40 1.19 7.19 11.00 18.90 0.89 116.00 0.25 1.31 1.508 0.62 876.00 0.30 30.70 0.99 5.95 11.00 19.00 1.30 114.00 0.30 1.46 1.449 0.73 1012.00 0.61 31.90 0.99 7.88 7.97 25.30 1.77 132.00 0.32 1.34 0.9410 0.50 1034.00 0.24 22.20 3.71 4.70 8.84 39.00 3.29 91.00 0.29 1.03 2.5311 0.45 768.00 0.24 31.20 1.20 5.54 9.23 21.70 1.77 112.00 0.21 1.16 0.9612 0.59 871.00 1.72 27.80 1.06 4.73 7.46 18.70 1.39 102.00 0.26 1.10 0.9613 0.95 1094.00 31.40 33.70 1.94 6.44 10.00 25.20 2.24 117.00 0.78 1.05 4.3314 0.96 980.00 36.60 33.60 1.72 5.28 7.76 27.30 2.38 131.00 1.34 0.94 1.3315 0.78 754.00 18.20 25.70 1.04 7.52 7.29 20.50 1.80 89.00 0.73 0.82 0.9416 0.90 913.00 23.00 28.50 1.12 5.50 7.79 26.60 1.87 108.00 0.87 1.05 1.8417 0.42 659.00 1.51 21.10 2.35 6.68 5.74 40.70 1.48 97.50 0.25 1.09 2.6118 0.38 210.00 0.49 21.20 0.50 4.05 6.13 14.10 0.52 79.60 0.19 1.11 1.1719 0.37 257.00 0.39 21.80 0.39 5.09 6.27 17.90 0.48 84.80 0.17 1.15 1.0520 0.35 86.00 0.14 20.70 0.33 4.04 5.84 15.00 0.47 75.50 0.16 1.25 1.0421 0.33 89.10 0.12 23.40 0.44 5.52 6.18 17.40 0.48 79.90 0.20 1.22 0.9522 0.37 358.00 0.36 26.50 0.40 4.39 7.15 13.70 0.47 86.80 0.21 0.52 1.78
Minor element geochemical data for the 303 Ore Zone
Ag As Au Cu Hg Mo
25 0.86 65.60 0.07 38.20 0.19 7.33
26 0.98 87.30 0.09 38.30 0.45 5.07
27 1.01 128.00 0.11 42.70 0.14 4.59
28 1.14 157.00 0.13 38.10 0.24 4.25
29 1.56 414.00 1.13 44.70 0.30 4.45
30 0.85 858.00 0.58 39.60 0.33 3.45
31 0.75 1138.00 2.03 39.70 0.47 3.70
32 0.67 385.00 3.40 40.00 0.36 3.56
33 1.19 1411.00 48.90 44.10 1.63 7.70
34 1.24 1409.00 47.80 50.70 1.67 7.02
35 1.05 1486.00 40.40 42.40 1.61 9.86
36 0.95 1105.00 26.00 35.00 1.31 6.99
37 0.40 1290.00 1.06 35.10 0.24 5.22
38 0.48 366.00 0.20 30.30 0.20 4.13
39 0.43 114.00 0.06 26.30 0.17 3.17
40 0.32 63.70 0.04 26.60 0.09 3.71
41 0.34 122.00 0.02 31.80 0.10 2.97
42 0.36 188.00 0.02 32.40 0.11 3.54
43 0.32 195.00 0.02 31.60 0.16 2.11
44 0.31 39.20 0.06 26.90 0.10 2.44
45 0.37 160.00 0.02 35.20 0.11 1.86
46 0.33 155.00 0.03 35.00 0.11 2.63
Minor element geochemical data
Ore Zone.
Pb Sb T 1 Zn Cd Se
16.10 11.80 0.46 136.00 0.47 2.40
18.00 16.50 0.64 141.00 0.42 1.92
28.60 16.20 0.49 168.00 0.47 1.15
32.50 13.00 0.47 149.00 0.44 2.35
87.20 20.30 0.68 165.00 0.49 1.54
25.30 14.00 0.49 157.00 0.43 1.97
13.40 17.00 0.88 171.00 0.41 0.97
10.20 14.00 0.46 153.00 0.43 1.63
14.90 54.20 1.44 154.00 0.75 1.79
14.70 35.80 2.18 225.00 1.31 5.63
10.30 37.20 1.61 202.00 1.31 3.10
9.00 52.40 1.15 150.00 0.89 3.13
8.24 8.34 0.46 106.00 0.21 1.76
9.42 9.06 0.47 106.00 0.30 0.44
9.59 8.62 0.46 96.50 0.30 2.56
6.87 6.92 0.51 89.10 0.27 1.07
7.84 12.90 0.48 100.00 0.26 0.94
8.48 18.60 0.50 112.00 0.32 0.97
6.15 19.20 0.50 98.20 0.18 1.14
5.74 6.25 0.47 81.30 0.19 1.02
6.46 12.10 0.47 113.00 0.19 0.93
6.97 10.40 0.46 96.60 0.19 0.92
for the Southwest Extension
A1203 BaO CaO Fe203 K20 MgO MnO
25 6.60 0.50 4.42 2.85 2.06 1.57 0.02
26 7.07 0.41 3.97 2.99 2.33 1.39 0.01
27 7.55 0.57 2.85 3.00 2.39 1.17 0.01
28 7.59 0.72 2.58 3.09 2.39 1.12 0.01
29 7.44 1.02 2.18 3.38 2.36 1.07 0.02
30 8.35 0.32 2.08 3.43 2.67 1.14 0.01
31 9.08 0.42 1.41 3.97 2.91 1.04 0.02
32 9.15 0.36 2.47 3.39 2.93 1.22 0.02
33 6.97 0.05 1.12 3.77 2.07 0.78 0.02
34 7.85 0.05 2.24 4.08 2.41 1.40 0.03
35 7.61 0.04 0.98 4.10 2.52 0.73 0.01
36 6.84 0.18 2.85 4.36 2.30 1.22 0.02
37 6.95 0.41 3.48 2.55 2.29 2.04 0.02
38 6.67 0.64 6.02 2.87 2.13 2.73 0.03
39 5.40 0.78 7.67 2.80 1.82 2.89 0.03
40 4.44 0.08 10.48 2.48 1.63 3.05 0.03
41 5.53 0.17 9.20 2.84 1.88 3.17 0.04
42 5.44 0.05 8.62 2.97 1.93 3.04 0.04
43 5.20 0.24 8.07 3.52 1.62 3.28 0.03
44 5.39 1.27 9.08 2.33 1.80 3.17 0.02
45 5.85 1.45 6.84 2.52 1.99 2.81 0.03
46 6.35 1.07 5.75 2.67 2.01 2.87 0.04








































































Au Ag As Ba Bi Cd Fe Ga Hg La Mn Mo Pb Sb Sr T1 V W Zn Se
S5 2 7 6 0.55 4530.00 360.00 0.80 11.40 5.90 21.00 1.90 30.00 555.00 1.50 7.00 29.20 10200 4.00 184.00 30.00 184.00 0.20
$6 9.27 0.40 10000.00 100.00 16.00 6.50 6.12 21.00 1.00 20.00 395.00 4.00 7.00 20.00 50.00 9.00 178.00 70.00 208.00 0.20
87 7.62 0.55 3750.00 130.00 0.60 10.70 6.35 21.00 1.60 20.00 505.00 1.00 6.00 30.80 63.00 6.50 175.00 50.00 179.00 0.20
88 4.76 0.80 4530.00 400.00 0.80 1220 6.47 20.00 1.30 20.00 525.00 1.00 6.00 3280 69.00 6.50 179.00 40.00 169.00 0.20
89 3.58 0.60 2390.00 130.00 0.80 4.30 6.04 20.00 1.20 20.00 390.00 1.00 8.00 21.40 720 0 3.00 200.00 40.00 209.00 0.20
90 0.08 0.50 2510.00 330.00 0.80 2 1 0 4.89 19.00 0.60 20.00 560.00 1.50 9.00 15.80 75.00 2 0 0 163.00 10.00 151.00 0.20
91 0.06 0.50 347.00 470.00 0.60 0.10 4.47 16.00 0.40 20.00 670.00 1.00 6.00 15.80 80.00 1.00 148.00 10.00 137.00 0.20
92 0.02 0.75 564.00 1970.00 0.60 0.10 6.21 18.00 0.30 30.00 2260.00 2 0 0 6.00 10.40 136.00 0.50 218.00 10.00 207.00 1.20
Minor element geochemical data for the MS Ore Zone.
A 1203 BaO CaO Fe2 0 3 K2 0 MgO MnO Na2 0 P2 0 5 Si0 2 TiC)2 LO I Total
85 13.48 0.06 4.20 7.72 3.78 2 4 4 0.07 0.08 0.48 53.44 1.62 11.98 99.35
86 13.95 0.06 2 68 8.84 4.06 1.81 0.05 0.08 0.47 5235 1.80 11.90 98.05
87 13.62 0.06 3.35 8.73 3.82 2 2 2 0.06 0.07 0.44 54.09 1.68 1219 100.33
88 13.99 0.05 3.33 8.63 4.10 2 1 8 0.06 0.14 0.49 54.74 1.69 11.53 100.93
89 13.08 0.05 2 4 8 7.97 3.71 1.64 0.04 0.11 0.46 57.45 1.51 10.70 99.20
90 11.95 0.11 2 4 9 6.62 3.37 2 2 2 0.07 0.12 0.27 61.15 1.23 9.91 99.51
91 11.35 0.16 201 5.95 3.17 2 6 8 0.08 0.04 0.34 64.94 1.29 8.76 100.77
92 1277 0.19 2 1 6 8.19 2 6 9 3.83 0.27 0.14 0.68 58.90 1.89 9.33 101.04
Major element geochemical data for the MS Ore Zone.
tfl
Au Ag As Ba Cd Cu
50 0.01 0.40 238.00 1500.00 0.10 21.00
51 0.16 0.50 489.00 930.00 0.20 24.00
52 0.18 0.75 629.00 360.00 0.80 24.00
53 0.39 0.35 513.00 1610.00 0.50 21.50
54 1.21 0.35 833.00 710.00 1.20 18.00
55 0.34 0.35 934.00 400.00 1.30 19.00
56 2.35 0.60 2470.00 420.00 7.20 25.50
57 1.17 0.50 2400.00 290.00 6.20 23.50
58 0.54 0.35 594.00 480.00 0.70 19.00
59 0.12 0.25 483.00 2340.00 0.50 20.50
60 1.19 0.25 1220.00 520.00 1.90 12.50
61 0.06 0.25 385.00 1320.00 0.30 16.00
62 3.32 0.45 1215.00 630.00 1.90 18.00
63 5.73 0.45 1095.00 360.00 1.70 18.50
64 4.32 0.65 616.00 370.00 1.10 20.00
65 0.18 0.45 150.00 400.00 0.40 17.50
66 0.45 0.50 183.00 420.00 0.40 16.50
67 0.02 0.45 54.00 410.00 0.30 22.50
68 0.01 0.45 30.00 430.00 0.30 18.00
69 1.16 0.55 212.00 510.00 0.40 24.00
70 9.92 0.80 880.00 460.00 1.30 24.50
71 0.13 0.50 465.00 320.00 0.60 15.50
72 0.01 0.55 75.00 340.00 0.20 22.50
73 0.03 0.45 353.00 360.00 0.40 20.50
74 0.44 0.50 1190.00 340.00 1.60 20.00
























































A1203 BaO CaO Fe203 K20 MgO MnO
50 8.71 1.14 5.36 3.02 2.51 3.80 0.02
51 8.57 0.35 5.26 2.88 2.66 4.02 0.02
52 8.58 0.25 5.23 3.03 2.64 3.74 0.02
53 8.40 0.19 6.95 2.72 2.61 4.96 0.03
54 7.64 0.14 8.28 2.75 2.45 5.57 0.03
55 7.25 0.17 8.60 2.60 2.48 5.66 0.02
56 8.76 0.18 4.52 3.13 2.37 3.39 0.02
57 8.35 0.10 6.18 3.09 2.08 4.23 0.03
58 7.84 0.38 8.01 2.79 2.03 5.56 0.03
59 9.13 0.29 5.97 2.45 2.45 4.43 0.02
60 6.37 0.28 8.91 2.91 1.57 5.68 0.04
61 8.00 0.29 7.17 2.53 2.13 5.00 0.03
62 7.62 0.17 5.54 2.86 2.01 3.84 0.03
63 7.43 0.24 4.14 3.39 1.95 2.86 0.04
64 6.67 0.03 3.16 2.90 2.04 2.16 0.02
65 6.18 0.03 4.71 2.32 1.94 2.97 0.02
66 6.17 0.03 4.84 2.16 1.97 3.04 0.02
67 5.59 0.03 4.33 2.10 1.75 2.67 0.02
68 6.06 0.03 5.58 2.40 1.87 3.38 0.03
69 6.69 0.04 4.75 2.59 2.13 3.10 0.02
70 7.32 0.04 2.03 2.95 2.38 1.60 0.02
71 4.60 0.03 1.68 2.13 1.32 1.15 0.02
72 6.45 0.03 4.10 2.76 1.67 2.37 0.02
73 7.03 0.03 1.80 3.73 1.79 1.32 0.02
74 6.25 0.03 4.73 2.11 1.45 2.53 0.02















































































303 Carbonaceous Ore Zone
Au A g As Ba Bi Cd Cu Fe Ga Hg La Mn Mo Pb Sb Sr T 1 V W Zn Se
75 0.05 0.10 11200 840.00 0.40 0.10 26.00 8.69 220 0 0.40 30.00 1165.00 1.50 4.00 9.40 105.00 0.50 295.00 50.00 117.00 0.20
76 0.31 0.10 2670.00 190.00 0.20 5.80 25.50 7.62 2200 1.10 30.00 1230.00 1.00 3.00 19.00 107.00 1.50 273.00 60.00 10200 1.00
77 23.14 2 4 0 10000.00 190.00 0.20 5.50 55.00 10.90 21.00 1.10 20.00 605.00 1.00 4.00 21.00 59.00 6.50 286.00 130.00 110.00 5.40
78 24.24 0.65 2210.00 620.00 0.20 5.30 16.00 9.31 24.00 1.20 20.00 415.00 0.50 4.00 29.20 55.00 6.50 25200 90.00 156.00 220
79 3268 0.75 2770.00 570.00 0.20 7.50 11.50 10.47 24.00 1.10 10.00 160.00 0.50 4.00 30.80 38.00 5.00 270.00 120.00 21200 1.00
80 2297 0.70 2430.00 420.00 0.40 5.40 16.00 7.77 21.00 1.30 10.00 185.00 1.50 5.00 28.20 37.00 3.50 207.00 70.00 145.00 1.60
81 2 2 8 0.25 1620.00 310.00 0.40 1.90 23.50 7.49 23.00 0.50 20.00 765.00 2 5 0 6.00 16.60 53.00 1.00 264.00 50.00 111.00 1.00
82 15.50 1.60 10000.00 250.00 0.20 1.40 44.00 7.68 21.00 0.80 30.00 645.00 2 0 0 3.00 17.00 78.00 3.00 220.00 60.00 104.00 240
83 0.12 1.60 683.00 260.00 0.20 0.90 37.00 3.81 1.00 1.60 30.00 300.00 1200 1200 21.00 127.00 0.50 156.00 10.00 275.00 5.00
Major element geochemical data for the SMV Ore Zone.
A 1203 BaO CaO Fe2 0 3 K 20 MgO MnO Na2 0 P2 0 5 Si0 2 Ti0 2 LO I Total
75 13.42 0.15 4.22 1229 2 8 6 3.77 0.16 0.06 0.45 43.26 3.11 15.64 99.39
76 14.20 0.10 5.54 10.60 3.65 3.23 0.17 0.09 0.44 43.78 3.00 14.64 99.44
77 13.42 0.17 3.57 14.49 3.71 2 3 2 0.08 0.06 0.39 43.03 2 9 3 15.23 99.40
78 14.70 0.15 2 9 3 1267 3.93 1.83 0.05 0.07 0.45 47.39 2 7 9 13.28 100.24
79 15.22 0.13 1.46 13.24 4.15 1.02 0.02 0.06 0.42 49.01 2 9 8 1247 100.18
80 13.54 0.12 1.80 10.83 3.69 1.19 0.02 0.06 0.39 56.62 2 3 9 10.34 100.99
81 13.76 0.19 3.44 10.24 3.22 1.97 0.10 0.06 0.51 53.17 2 8 7 11.95 101.48
82 13.41 0.14 4.43 10.54 3.58 2 4 2 0.09 0.06 0.36 49.76 251 13.34 100.64
83 9.78 0.16 3.52 4.93 2 0 2 1.59 0.03 0.08 0.36 69.56 0.94 7.99 100.%






S.W. Extension Ore Zone
SM V Ore Zone
MS Ore Zone
Au As Cd Sb Hg Mo Zn Cu T1 Se
1 a  18 a73 73200 018 1070 031 5.89 11100 3220 0.24 3.14
2 0.14 a33 839.00 009 1020 038 3.37 106.00 3270 063 4.67
3 a35 a33 1138.00 010 1110 056 5.30 88.90 26.80 052 125
4 0.26 a64 127200 O il 13.90 064 299 11100 37.00 0.58 157
5 a.26 0.46 867.00 O il 15.70 087 4.19 99.80 3010 100 259
6 1.40 a5o 716.00 022 15.90 090 6.55 128.00 38.30 079 6.13
7 0.70 a 5 i 88200 025 18.90 119 7.19 116.00 33.40 0.89 150
8 0.30 a62 87000 030 19.00 0.99 5.95 114.00 3070 130 144
9 0.61 a73 101200 032 25.30 099 7.88 13200 3190 177 047
10 0.24 a5o 1034.00 029 39.00 3.71 4.70 9100 2220 3.29 253
11 a24 a45 768.00 021 2170 1.20 5.54 11200 3120 177 048
12 172 a59 87100 026 18.70 106 4.73 10200 27.80 139 096
13 3140 a95 1094.00 078 25.20 1.94 6.44 117.00 33.70 224 4.33
14 36.60 a96 98000 134 27.30 172 5.28 13100 33.60 238 133
15 18.20 a78 754.00 073 2050 104 7.52 89.00 25.70 180 047
16 23.00 a90 913.00 087 26.60 112 5.50 108.00 28.50 187 184
17 151 a42 659.00 025 4070 235 6.68 97.50 2110 1.48 261
18 0.49 a38 21000 019 14.10 050 4.05 79.60 21.20 052 117
19 0.39 a37 257.00 017 17.90 039 5.09 84.80 21.80 0.24 105
20 0.14 a35 86.00 016 15.00 033 4.04 75.50 20.70 023 104
21 a  12 a33 89.10 020 17.40 044 5.52 79.90 23.40 024 0.48
22 0.36 a37 358.00 021 13.70 040 4.39 86.80 26.50 234 178
25 0.07 a86 65.60 047 1180 019 7.33 136.00 38.20 0.23 240
26 ao9 a96 87.30 042 16.50 045 5.07 141.00 38.30 064 192
27 a i l 101 128.00 047 16.20 014 4.59 168.00 4270 025 115
28 013 114 157.00 044 13.00 024 4.25 149.00 38.10 0.24 235
29 113 1.56 414.00 049 2030 030 4.45 165.00 44.70 068 1.54
30 a58 a s s 858.00 043 14.00 033 3.45 157.00 39.60 024 197
31 103 a75 1138.00 041 17.00 047 3.70 17100 39.70 088 097
32 3.40 a67 385.00 043 14.00 036 156 153.00 4000 046 163
33 48.90 119 141100 075 54.20 163 7.70 154.00 44.10 144 179
34 47.80 124 1409.00 131 35.80 167 7.02 225.00 5070 218 5.63
35 4d 40 105 1486.00 131 37.20 161 9.86 20200 4240 161 3.10
36 26.00 a95 1105.00 089 5240 131 099 15000 35.00 115 3.13
37 106 a40 129000 021 034 024 5.22 106.00 35.10 023 176
38 a20 0.48 366.00 030 9.06 020 4.13 106.00 3030 024 4.37
39 a  06 a43 114.00 030 062 017 117 96.50 26.30 023 256
40 ao4 a32 63.70 027 6.92 009 171 89.10 26.60 051 107
41 a o 2 a34 12200 026 1290 010 297 10000 3180 024 094
42 a o 2 036 188.00 032 18.60 O il 154 11200 3240 050 097
43 a o 2 032 195.00 018 19.20 016 211 98.20 3160 025 114
44 a  06 031 39.20 019 6.25 O10 244 8130 26.90 024 102
45 a o 2 037 16000 019 1210 O il 186 113.00 35.20 023 093
46 ao3 033 155.00 019 1040 O il 263 96.60 35.00 023 092
75 ao5 010 11200 010 9.40 040 150 117.00 26.00 050 020
76 a 3 i 010 267000 5.80 19.00 110 100 10200 25.50 150 100
77 23.14 240 1000000 5.50 2100 110 100 11000 55.00 6.50 5.40
78 24.24 065 221000 5.30 29.20 120 050 156.00 16.00 6.50 220
79 3268 075 277000 7.50 3080 110 050 21200 1150 5.00 100
80 2197 070 243000 5.40 28.20 130 150 145.00 16.00 3.50 160
81 228 025 162000 190 16.60 050 250 11100 23.50 1.00 100
82 15.50 160 1000000 140 17.00 080 200 104.00 44.00 3.00 240
83 a i 2 160 683.00 090 2100 160 1200 275.00 37.00 050 5.00
85 276 055 453000 1140 29.20 190 150 184.00 39.50 4.00 020
86 9.27 040 10000.00 6l50 2000 100 4.00 206.00 57.00 9.00 020
87 7.62 055 375000 1070 3080 1.60 100 179.00 35.50 6.50 020
88 4.76 080 453000 1220 3280 1.30 100 169.00 4250 6.50 020
89 3.58 060 239000 4.30 2140 1.20 1.00 209.00 3150 3.00 020
90 aoe 050 251000 210 15.80 060 1.50 15100 4150 200 020
91 ao6 050 347.00 010 15.80 040 100 137.00 5250 100 020
92 ao 2 075 564.00 O10 1040 030 200 207.00 58.00 050 120
Geochemical data used in the geostatistics portion of the 
study. The 303 Carbonaceous Ore Zone is omitted due to lack 
of information for certain elements.
